The Late Devonian -Early Carboniferous St. Mary's Basin in the Canadian Appalachians consists of Horton Group fluviatile and lacustrine clastic rocks. The basin occurs along the boundary between the Avalon and Meguma terranes and developed during coeval dextral shear along that boundary. X-ray diffraction reveals that the rocks contain ubiquitous quartz, K-white mica, and albite; illite-smectite mixed layers and chlorite are very common and Na-K mica, kaolinite, chlorite-smectite mixed layers, K-feldspar, berthierine, and rutile occur in some samples. Crystal-chemical parameters of white mica indicate the pressure and temperature of mineral growth and discriminate between diagenetic, anchizone, and low-grade metamorphic processes. Kübler index values measured in the 5 Å peak and the presence of chlorite-mica stacks are indicative of high-anchizone-epizone grades, with a crystallinity (crystal size and number of defects) that increases towards the Chedabucto Fault, which defines the northern margin of the basin. Kübler index values measured in the 10 Å peak indicate that a late fluid-rich event could have produced the observed illite-smectite mixed layers. The overall clay-mineral content and the b-cell dimension of the K-white micas are typical of postdepositional evolution in extensional sedimentary basins with high heat flow (>35 8C/km). Taken together, our data record two superposed events related to deformation along the basin margins and coeval regional fluid flow, in which retrograde reactions at temperature T < 200 8C were superimposed on a pre-existing prograde assemblage typical of high-anchizone -lower greenschist-facies conditions (T > 300 8C). Regional syntheses indicate that this fluid flow may have occurred during episodes of Late Carboniferous dextral shear along the Avalon-Meguma terrane boundary.
Introduction
Distinguishing between diagenesis and low-grade metamorphism in basins that formed in active tectonic regimes is crucial to the understanding of basin evolution and its resource potential (Merriman and Frey 1999; Merriman 2005) . Unraveling the thermal history of any sedimentary basin aids in the assessment of its potential for hydrocarbon or ore resources and also constrains the orogenic evolution of mountain belts. Regional syntheses indicate that the Late Devonian -Early Carboniferous St. Mary's Basin, Nova Scotia, Canada, developed during dextral-strike faulting along the boundary between two major Appalachian terranes and is, therefore, classified as an episutural basin (Murphy 2000) .
The typical widespread paragenesis of the rocks filling the St. Mary's Basin (white mica + chlorite + quartz + feldspars + carbonates) covers a thermal range from deep diagenesis to the onset of biotite formation (greenschist facies) and so cannot by itself discriminate between the different conditions in which the rocks matured and evolved. Because of the sensitivity of the crystal-chemical parameters of phyllosilicates to temperature, pressure, and deformation (finite strain) changes, illite (or white mica) ''crystallinity'' analysis is a powerful and widespread tool for the study of the evolution of diagenetic to low-grade metamorphic basins (Frey 1987; Merriman and Peacor 1999) . The crystal-chemical parameters of white mica have been widely used to deduce pressure and temperature conditions of mineral growth and to discriminate between diagenetic, anchizone, and lowgrade metamorphic processes (e.g., Stone and Merriman 2004) and, therefore, are useful in deciphering basin evolution from diagenesis through to regional deformation (Merriman 2005) . In addition, this approach may assess the potential relationship of the diagenetic-metamorphic gradient with either the burial depth or the strain in the rocks. In some studies, a clear relationship between illite ''crystallinity'' and strain has been determined where suitable strain markers in the rocks have been examined (e.g., Frey et al. 1980; Johnson and Oliver 1990; Gutiérrez-Alonso and Nieto 1996; . In other studies, however, this relationship could not be established, and the illite ''crystallinity'' variations are interpreted to be related to burial .
This paper provides a complete characterization of the very low-grade metamorphism in the Upper DevonianLower Carboniferous rocks of the St. Mary's Basin of Nova Scotia. We have been able to decipher two superposed processes related to the deformation of the basin. Both processes are most probably fluid-driven, and our data provide constraints for the hydrocarbon potential in the basin.
Regional setting
The evolution of the Appalachian Orogen in Maritime Canada is characterized by the early Paleozoic telescoping of the Laurentian margin, the accretion of suspect terranes at various times in the early-to-mid Paleozoic, followed by late Paleozoic terminal oblique collision between Laurentia and Gondwana and the final amalgamation of Pangea (e.g., van Staal et al. 1998 van Staal et al. , 2009 Murphy et al. 2002 Murphy et al. , 2006 . Mainland Nova Scotia exposes two terranes, the Avalon and Meguma terranes, which accreted to Laurentia before the Early Devonian and together define the northern margin of the Rheic Ocean (Williams and Hatcher 1983; Keppie 1985; Stockmal et al. 1987; van Staal 1994; Murphy et al. 1995 Murphy et al. , 1996 Keppie et al. 1996; van Staal et al. 1998 ). The St. Mary's Basin (Fig. 1 ) developed along the Minas Fault Zone, which defines the boundary between these two terranes, and consists almost entirely of the Upper DevonianLower Carboniferous Horton Group continental clastic rocks (Murphy 2000) . Horton Group rocks extend over much of Maritime Canada and overstep the boundary between the Avalon and Meguma terranes. Basin configuration is thought to have been influenced by episodic dextral motion along the Minas Fault Zone during the latest Devonian and Carboniferous (Keppie 1982; Gibbons et al. 1996; Murphy et al. 1995; Reynolds et al. 2004; Murphy and Collins 2008) , which has been attributed to the oblique convergence between Laurentia and Gondwana during that time (e.g., Keppie 1982; Keppie et al. 1996; Hatcher 2002) .
The basin fill is described in detail in Murphy and Rice (1998) and consists entirely of Upper Devonian -Lower Carboniferous 3000-4000 m continental clastic rocks of the Horton Group that were deposited in fluvial and lacustrine environments after the peak of the Acadian orogeny. Although not preserved in the studied basin, these Horton Group rocks are overlain by the Visean Windsor Group, which consists of a predominantly marine sequence of limestone, evaporite, and clastic rocks that are in turn overlain by thick accumulations (ca. 10 km) of Upper CarboniferousLower Permian clastic rocks (Durling and Marillier 1993) . Where preserved, the contact between the Horton and Windsor groups varies in character from a sharp angular unconformity in some regions to a concordant contact in others (e.g., Boehner and Giles 1993; Boehner 1994) . Fossil evidence also indicates the presence of a gap in the depositional record across the contact (e.g., Giles and Boehner 1982) .
The St. Mary's Basin is bounded to the north and south by major east-west-trending faults, which belong to the Minas Fault Zone, the Chedabucto Fault to the north and the West River St. Mary's Fault to the south (Fig. 1) . The basin-fill rocks are divided into six partially laterally equivalent formations (Fig. 1 ) that were deposited in a fluviatile to lacustrine environment (Murphy and Rice 1998) . Each formation contains fossils of Upper Devonian (Famennian) to Tournaisian age (Benson 1967 (Benson , 1974 G. Dolby, written communication, 1994) , which indicate deposition between ca. 365 and 350 Ma (e.g., Tucker et al. 1998) . Contact relationships between these formations are conformable and gradational with interlayering of the characteristic lithologies. Clast composition, lithogeochemistry, and detrital zircon populations all indicate that the clasts were predominantly derived from the Meguma terrane (Murphy 2000; Murphy and Hamilton 2000; Jennex et al. 2000) .
The Little Stewiacke River Formation comprises the stratigraphically lowest rocks and is predominantly exposed in the central part of the basin in a series of east-northeastwest-southwest en echelon anticlines. The formation predominantly consists of thinly bedded, fine-grained, dark grey and black clastic rocks that range from mudstone to slate depending on the development of cleavage. The overlying Barrens Hills Formation is characterized by grey sand- stone and conglomerate and interbedded dark grey shale and (or) siltstone. The Lochiel Formation is considered to be largely a lateral facies equivalent of the Barrens Hills Formation and dominated by *500 m of grey-green feldspathic, micaceous sandstone, and grey micaceous siltstone. The northwestern portion of the St. Mary's Basin is dominated by the Graham Hill Formation, which consists of red conglomerate, sandstone, and siltstone. Along the southern flank of the basin, the Cross Brook Formation consists of grey-green sandstone interstratified with minor siltstone, shale, conglomerate, and limestone. The West River St. Mary's Formation consists of red and green orthoconglomerate and siltstone. Clast lithologies (schist, phyllite, metasandstone, and micaceous granite) are typical of rocks exposed in the Meguma terrane (Murphy 2000) .
Horton Group rocks probably accumulated in a longitudinal drainage system (Murphy and Rice 1998) , in which the Little Stewiacke Formation was deposited in a lacustrine environment overlain by the Barrens Hills and Lochiel formations that were laid down in braided fluvial environments (Fig. 2) . To the north, the Graham Hill Formation is thought to have been deposited in a highly sinuous fluvial system (Murphy and Rice 1998) . Along the southern flank of the basin, the West River St. Mary's and Cross Brook lithologies are typical of proximal and distal alluvial-fan deposits (Fig. 2) .
The origin and evolution of the St. Mary's Basin is attributed to either discrete or progressive episodes of dextral strike-slip tectonics along the Minas Fault Zone in the late Paleozoic. Based on structural and sedimentological analysis, this margin of the St. Mary's Basin is interpreted to have undergone dextral transcurrent motion and uplift between 370 and 365 Ma (Keppie 1993; Murphy 2000) . This interpretation is indicated by the presence of 380-370 Ma deformed granites along the southern basin margin that display dextral C-S fabrics and the presence of Meguma terrane clasts in the unconformably overlying Horton Group rocks (Murphy 2000) . 40 Ar/ 39 Ar data from muscovites in dextral shear zones near the contact with the St. Mary's Basin indicate that cooling through *400 to 350 8C continued until *345 Ma (Keppie and Dallmeyer 1995; Reynolds et al. 2004) . Deformation associated with this event may be related to the unconformable contact between the Horton and Windsor groups. This contact is most pronounced in a narrow (2 km wide) zone dominated by less-competent, finegrained clastic rocks of the Little Stewiacke Formation and produced east-northeast-trending periclinal folds and associated reverse faults. The orientation of these structures relative to the east-west-trending Minas Fault Zone is consistent with their origin by coeval dextral shear along the fault zone. To the north, the rotation of these structures into parallelism with the Chedabucto Fault could be attributed to a progressive continuation of the same event or could reflect a later phase of dextral shear.
To the west of the St. Mary's Basin, a megabreccia within the Minas Fault Zone contains slabs of the Namurian Mabou Group, which implies that a further episode of faulting occurred between *330-320 Ma (Gibbons et al. 1996) . In western mainland Nova Scotia and southern New Brunswick, 320-300 Ma dextral motion along the Minas Fault Zone has been documented by 40 Ar-39 Ar dating of fabrics (Culshaw and Liesa 1997; Culshaw and Reynolds 1997) . A recent 40 Ar-39 Ar study of Siluro-Devonian siliciclastic rocks in both the Meguma and Avalon terranes detected the ca. 320 Ma growth of fine-grained white mica related to fluid flow during regional dextral shear along the Minas Fault Zone (Murphy and Collins 2008) .
Samples and methods
Twenty three shale samples, mainly black and grey, belonging to the Horton Group were collected from outcrops along three cross sections ( Fig. 1) , taking care that they were free of surface-alteration effects.
These samples were washed and, after coarse crushing, homogeneous rock chips were used for preparation of X-ray diffraction (XRD) samples to determine the overall trends in mineral assemblages and record any variations in metamorphic grade along the studied cross sections using the Kübler index (KI; Kübler 1968) . Currently, KI is the most common method used for determining the grade and identifying anchizone conditions between diagenesis and low-grade metamorphism in metapelitic sequences. This index measures the full width at half maximum intensity of the first (10 Å ) Xray powder-diffraction peak of K-white mica and is expressed as D8q in the Bragg angle.
Whole-rock samples and clay fractions (<2 mm) were studied using a Philips PW 1710 powder diffractometer with CuKa radiation, graphite monochromator, and automatic divergence slit at the Departamento de Mineralogía y Petrología of the Universidad de Granada, Spain. The <2 mm fractions were separated by repeated extraction of supernatant liquid subsequent to settling. Oriented aggregates were prepared by sedimentation on glass slides. Ethylene glycol (EG) and dimethyl sulfoxide (DM), on some samples, treatments were carried out to corroborate the identification of illite-smectite (I/S), chlorite-smectite (C/S), and kaolinite on the basis of the expandibility of these phases. Preparation of samples and experimental conditions for illite ''crystallinity'' (KI) measurements were carried out according to IGCP 294 IC Working Group recommendations (Kisch 1991) . Our KI measurements (x) were transformed into crystallinity index standard (CIS) values (y) according to the equation y = 1.918x -0.0723 (r = 0.999, where r is the correlation coefficient), obtained in the laboratory using the international standards of Warr and Rice (1994) . KI values were measured for the <2 mm fractions, <2 mm EG-treated fractions, and the bulk-rock samples. In addition to the traditional 10 Å peak, 5 Å reflection was also measured to check the effect of other mineral phases on the former measurement (Nieto and Sánchez-Navas 1994; Battaglia et al. 2004) . The b-cell parameters of micas and chlorites were obtained from the (060) peaks measured on slices of rock cut normal to the sample foliation. For all spacing measurements, quartz from the sample itself was used as internal standard.
Following the XRD and optical study, three samples of the C-C' section (SM2, SM7, and SM12) and one of the B-B' section (SM20) (Fig. 1) were selected for electron microscopy study on the basis of the crystal-chemical parameters and the mineral assemblages. Carbon-coated slices were examined by scanning electron microscopy (SEM), using backscattered electron (BSE) imaging and energy-dispersive X-ray (EDX) analysis to obtain textural and chemical data. These observations were carried out using a Zeiss DSM 950 SEM, equipped with an X-ray Link Analytical QX-20 energydispersive X-ray system (EDX) at the Centro de Instrumentation Científica (CIC) of the Universidad de Granada. An accelerating voltage of 20 kV with a beam current of 1-2 nA and counting time of 50 s were used to analyze the silicates by SEM, using both natural and synthetic standards: albite (Na), periclase (Mg), wollastonite (Si and Ca), orthoclase (K), and synthetic Al 2 O 3 (Al), Fe 2 O 3 (Fe), and MnTiO 3 (Ti and Mn).
The chemical composition of micas are calculated on the basis of 22 negative charges O 10 (OH) 2 . According to Guidotti et al. (1994) , it is assumed that 75% of the Fe in the micas is Fe 3+ . The chlorite compositions are calculated on the basis of 28 negative charges.
Results
Due to the rapid lateral facies documented within the Horton Group (Murphy and Rice 1998; Murphy 2003) , all the studied samples cannot be presented in a single stratigraphic column. Therefore, estimates of the burial depth of the samples are derived from their positions in the cross sections, rather than by their stratigraphic positions. For these reasons, we consider all our results as a single dataset, and the relative position of each sample is obtained by a downplunge projection onto cross sections and restoration into a simplified paleogeographic reconstruction (Fig. 2) .
Mineralogy and crystal-chemical parameters
The XRD results are given in Table 1 . The XRD patterns of bulk samples show that quartz, K-white mica, and albite are the main phases in all samples; chlorite and I/S mixed layers are very common and Na-K mica, kaolinite, C/S mixed layers, K-feldspar, berthierine, and rutile are present in some samples. The basal spacing of micas (d 001 ) varies in a close range (9.965-9.994 Å ). An overall average value of 8.992 Å with a standard deviation of 0.005 Å was obtained for the b-cell parameter XRD data. This low value, together with the d 001 , suggests a composition close to muscovite for the micas, with a very low phengitic component.
Figures 2 and 3 show the KI values measured in the 10 and 5 Å XRD peaks of the <2 mm fraction corresponding to each sample. Values of 10 Å KI indicate deep diagenesisanchizone conditions (Merriman and Peacor 1999) . Figure 4 shows the 10 Å peaks of three samples, progressively nearer to the Chedabucto Fault. These data show that samples located closer to the fault have narrower peaks and lower KI.
Nevertheless, the KI values measured in the 5 Å peak are relatively homogeneous and correspond to high-anchizoneepizone grades ( 0.31 D82q). In samples for which the widths of the 10 and 5 Å peaks are very similar, K-white mica is the only 10 Å mineral phase present. In samples where the 10 Å peaks are wider than the 5 Å peaks, other mineral phases are expected to interfere with the 10 Å peak (Nieto and Sánchez-Navas 1994; Battaglia et al. 2004) . The KI values measured on <2 mm EG-treated fractions are clearly lower than those of the <2 mm air-dried fractions Kretz (1983) : Brt, berthierine; Chl, chlorite; Eg, ethylene glycol; Kln, kaolinite; Ms, muscovite; Qtz, quartz; Rt, rutile; C/S: chlorite-smectite mixed layers; I/S, illite-smectite mixed layers.
( Fig. 5a) , which demonstrates the presence of R3 I/S mixed layers in some samples (Nieto and Sánchez-Navas 1994) . The presence of other 10 Å phases as the I/S mixed layers produces a tail in the 10 Å peak towards low angles, causing asymmetrical broadening that disappears after EG treatment. The convolution of the mica and I/S produces a 10 Å peak wider than that corresponding exclusively to mica and is in part responsible for the difference in width between this peak and the 5 Å one, which mainly corresponds to mica (Fig. 5b) .
A comparison of the KI values of the <2 mm fraction with those corresponding to the bulk-rock samples shows, in general, no systematic difference according to grain size, suggesting an insignificant contribution of detrital mica in the untreated samples.
In some samples, the peak at 14 Å corresponding to chlorite is wide, small, and ill-defined and even disappears after EG and DM treatments, reflecting low quantities and poor ''crystallinity.'' Nevertheless, in other samples, this peak is intense and asymmetric and its change after EG treatment confirms the presence of some smectite layers interstratified within chlorite. The b-cell parameter of chlorite suggests high-Fe contents (2.6-3.7 atoms per formula unit (apfu), see Nieto 1997) , which is also confirmed by highintensity ratios between even and odd basal reflections (Shata and Hesse 1998).
SEM observations

Textural aspects
Backscattered electron (BSE) images of selected samples show that these are quartz-rich rocks of fine-grained texture with microdomains of phyllosilicates (predominantly white mica and Fe-rich chlorite) that may form stacks with no more than 20 mm in thickness and show curved shapes. Some open spaces are filled by kaolinite (Fig. 6a) . Iron and titanium oxides are also common accessory minerals. The SEM characterization confirms the general mineralogical composition determined by XRD.
Most of the studied samples display an incipient slaty cleavage, defined by subparallel, preferentially oriented packets of phyllosilicates and elongated quartz grains (Figs. 6b, 6c ). These features are typical texture of tectonic and (or) metamorphic origin. Other samples, however, preserve no evidence of fabrics that could be attributable to a tectonic and (or) metamorphic origin (Fig. 6d) .
Chemical composition of silicates
The chemical compositions of dioctahedral micas are presented in Table 2 . These are quite variable within each sample. The sum of interlayer cations (Sinter.) varies over the range of 0.8-1 apfu and some of the white micas analyzed were found to have significant Na content (up to 0.40 apfu). In addition to the presence of Na-K intermediate micas, Na is generally present in K-rich dioctahedral micas, whereas Ca is invariably 0.03 apfu. Although Ti is not usual in white micas, it has been measured in almost all the analyses ( 0.07 apfu); its presence is probably linked to minor rutile intergrowths within the white micas. The phengitic content is variable and presents an average value of Si equal to 3.14 apfu. In the intermediate Na-K micas, the phengitic com- ponent is lower than in the K-rich dioctahedral micas. No correlation between the interlayer population and Si exists (r = -0.13), which indicates an almost complete absence of illitic substitution.
Trioctahedral chlorites have a high Fe/(Fe + Mg) ratio (0.51-0.82) corresponding to a chamosite variety (Table 3) , which is coherent with the Fe content obtained from the Xray data. Most of the analyses show a large range of excess Al VI (up to 0.52 apfu) over Al IV , which is characteristic of low-grade metamorphic chlorite in clastic sedimentary rocks (Li et al. 1994) . Mn was detected in all the chlorite analyses, and Ti only in some of them. The sum of octahedral cations (Soct.) is almost always <6 apfu and a slight contamination by interlayer cations (K, Ca, and Na) has been detected in almost all the chlorite analyses. These data are, in part, the result of the unavoidable overlapping of the beam on material other than the mineral under investigation due to the very fine grained nature of the samples and, in part, the result of interstratification of smectite layers within the chlorite, previously described in the XRD section.
Kaolinite shows the typical Al-rich composition, with very small quantities of Fe, Mg, and alkaline elements probably due to the contamination with other phases such as white mica. Analyzed feldspars display a composition near to the end-member albite. 
Discussion
Horton Group rocks (Fig. 1) were deposited in a longitudinal drainage system during either discrete or progressive episodes of dextral strike-slip tectonics along the Minas Fault Zone in the Late Devonian -Early Carboniferous (Murphy 2003) . Our study of the mineral assemblages, crystal-chemical parameters, and chemical composition of phyl- losilicates of the fine-grained rocks is of relevance to the understanding of the diagenetic-metamorphic evolution of these rocks after their deposition. In general, the mineral assemblage is typical of very low grade metamorphism, but also some typical sedimentary phases are present in minor quantities. The clay-mineral characteristics of these rocks (K-and Na-K micas, chlorite, and chlorite-mica stacks) together with the b-cell dimension of the K-white micas (<9.01 Å ) are typical of postdepositional evolution within extensional sedimentary basins (Merriman 2005) that have a high heat flow (>35 8C/km). This kind of evolution was called diastathermal metamorphism by Robinson and Bevins (1989) and extensional metamorphism by Merriman and Frey (1999) to describe the development of diagenetic to epizonal rocks caused by early heating of the basin fill in an extensional setting. The b parameter of K-white micas is homogeneous and consistent with a low-pressure regional metamorphism (Guidotti and Sassi 1986) .
The widths of the two first XRD peaks of mica components in samples representative of the geological environments in which KI is widely used (diagenesis and incipient metamorphism) are very similar when I/S mixed layers are absent because they are a consequence of the same physical causes: crystal size and the number of defects (Nieto and Sánchez-Navas 1994) . Nevertheless, the presence of mixed layers adds a variable degree of broadening to the 10 Å diffraction peak producing an asymmetrical and wider peak in the air-dried sample than in the EG-treated one. In such a case, 10 Å peak is significantly wider than the 5 Å peak. This broadening is useful for discriminating the degree of diagenesis because the quantity of mixed layers and their illite/smectite ratio are related to diagenetic maturity, making the KI very sensitive to small differences in grade. Hence, both measurements complement each other as the peaks provide different information: the 10 Å peak is more sensitive to diagenetic changes and the 5 Å peak is more representative of the crystallite size and number of defects of the mica domains.
In the St. Mary's Basin, the KI measured on the 10 and 5 Å peaks differ significantly; the former is indicative of deep diagenetic -low anchizone conditions, and the latter of high-anchizone-epizone (Fig. 5) .
The chemical composition of dioctahedral micas, although quite variable within each sample, shows an almost complete absence of an illitic component (Table 2) , which is more in accordance with the metamorphic grade indicated by the 5 Å peak. In addition, the observed texture of the samples and the presence of chlorite-mica stacks are also typical of anchizone or low-epizone conditions. In conclusion, the micas of the St. Mary's Basin show crystallinity (crystal size and number of defects), textural characteristics, and chemical composition typical of high-anchizone-epizone grade.
However, the presence, in the same samples, of C/S and I/ S mixed layers, berthierine and kaolinite are inconsistent with those features typical of higher grade assemblages formed in typical prograde reactions during a regional metamorphism process. Different authors have interpreted the presence of kaolinite, berthierine, and mixed layers in clastic rocks, affected by metamorphism, as the result of ''retrograde diagenesis'' (Nieto et al. 2005 and references therein) , that is, a fluid-mediated process occurring within the range of temperature normally attributed to diagenesis but subsequent to regional metamorphism. In the St. Mary's Basin, in addition to the coexistence of mineral phases corresponding to different pressure-temperature (P-T) conditions, the 10 Å KI values suggest that a late fluid-driven event could have produced I/S mixed layers.
The reaction of fluids with the mineral phases that previously grew during the regional metamorphism (prograde event) is interpreted to have been favoured by the fluid activity associated with a major fault zone, which is a common source of these reactions. Jiang et al. (1990) described in North Wales a process in which illite reacted locally with fault-related fluids to form interstratified illite-smectite; this was, in fact, one of the cases in which the definition of retrograde diagenesis by Nieto et al. (2005) was based. The St. Mary's Basin is a narrow basin bounded to the north and south by major east-west-trending faults, which belong to the Minas Fault Zone (Fig. 1) . This overall scenario is consistent with the regional syntheses that provide abundant evidence for episodic dextral motion and related fluid flow along the Minas Fault Zone during the Carboniferous. Therefore, the 5 Å peak KI values represent the prograde evolution, a burial metamorphic process with local influence of the deformation associated to the faults, characterized by high-anchizone-epizone grades ( 0.31 D82q), which is in coherence with the incipient cleavage of the slates; whereas the 10 Å KI values define a retrograde event under lower temperature conditions. Kaolinite crystallization is, normally, favoured by the circulation of low-temperature waters within the rocks and its presence is considered an additional evidence for low-temperature alteration subsequent to prograde evolution. Berthierine has been interpreted in other sequences as a replacement product of chlorite under retrograde metamorphic conditions (Merriman and Peacor 1999; Mata et al. 2001) .
The importance of fluid-driven processes in the evolution of the micas in the St. Mary's Basin is supported by 40 Ar-39 Ar (white mica, infrared laser (IR) single grain, total fusion) data from Upper Ordovician -Lower Devonian sedimentary strata in both the Avalon and Meguma terranes, which yield widespread ca. 322 Ma ages and are interpreted to reflect distributed fluid flow coeval with dextral shear along the Avalon-Meguma terrane boundary (Murphy and Collins 2008) .
The important and complex role of basin-bounding faults in influencing the paragenesis of the St. Mary's Basin rocks is indicated by KI values projected onto a cross section of the basin (Fig. 7) . The lowest values of the KI are in samples of the Little Stewiacke Formation, which is located in the central part of the St. Mary's Basin and represents the stratigraphically lowest rocks of the Horton Group. The cross section clearly shows that KI values generally decrease towards the Chedabucto Fault (Fig. 7) , implying an increase in the diagenetic-metamorphic grade towards the fault. However, an exception to this overall trend occurs in the two samples closest to the St. Mary's Fault (SM15 and SM16). These samples are intercalated with permeable conglomerate and sandstone layers, that is, they are in a highpermeability area, in which the fluids related with the faults would have arrived to the samples with high facility. In conclusion, the pattern of evolution of the 5 Å KI values is coherent with a very fast burial metamorphism in a transcurrent context with rapid subsidence. The geothermal gradient, anomalously elevated, was mediated by the generalized presence of fluids in relation to the synsedimentary faults and locally favoured by higher permeability lithologies than shales.
Lastly, we interpret that the effect of the sedimentary loading of the studied rocks by >10 000 m of Lower Carboniferous (Visean) marine sediments from the overlying Windsor Group, assuming that a similar thickness on Windsor Group strata overlay the St. Mary's Basin (Boehner and Giles 1993) , is probably represented by the prograde metamorphic process recorded in the 5 Å diffraction peaks. Subsequent, strike-slip movement along the Minas Fault Zone, especially along the Chedabucto Fault, caused the exhumation of the formerly buried rocks of the Windsor Group and the fluid-driven retrogression recorded in the 10 Å white mica diffraction peaks.
Hydrocarbon potential in the St. Mary's Basin
According to Merriman and Peacor (1999) , three types of data are useful to deduce the sedimentary-basin maturity: the clay-mineral assemblage, quantification of mixed-layer minerals, and the clay-mineral ''crystallinity. '' In this study, the potential for hydrocarbon exploration in the basin depends directly on its prograde evolution. Although the data indicate the existence of retrograde reactions at T < 200 8C, the existence of a previous metamorphic peak corresponding to high-anchizone-epizone conditions and the onset of greenschist facies (T > 300 8C) indicates that the St. Mary's is a supermature basin that lacks significant hydrocarbon potential.
As a cautionary tale, we note that a lack of comparison between 10 and 5 Å KI values would have led to the incorrect characterization of the low-grade metamorphic conditions of the basin-fill rocks. Although the mineral assemblage and the crystallinity of mica are indicative of at least anchizonal conditions, the origin and timing of mixed layers, responsible for the 10 Å KI, and other minerals as kaolinite and berthierine might have been incorrectly interpreted within a prograde context. Therefore, it is essential to compare the 10 Å KI values with the <2 mm 5 Å and the <2 mm EG-treated fractions KI data to confirm the I/S identification when the samples contain coexisting mature illite-muscovite and chlorite with clays such as kaolinite and mixed layers.
Conclusions
Two successive processes having affected the St. Mary's Basin rocks have been identified based on the correlation of geological characteristics with mineral paragenesis and crystal-chemical parameters of micas.
The first one is an extensional metamorphism, according to the Merriman and Frey (1999) designation, completed by Merriman (2005) . Our data from the Horton Group rocks are consistent with rapid burial metamorphism in a transcurrent setting accompanied by rapid subsidence and an anomalously high geothermal gradient (>35 8C/km), mediated by the generalized presence of fluids that migrated along synsedimentary faults.
The second one is a retrograde diagenesis, according to the Nieto et al. (2005) definition, which affected the Horton Group rocks after the exhumation of the formerly buried rocks of the Windsor Group; strike-slip movement along the Minas Fault Zone, especially along the Chedabucto Fault, caused the fluid-driven retrogression. To our knowledge, this is the first example of retrograde diagenesis for which the geologic timing and origin of the fluids has been accurately identified.
